A two-dimensional lattice is considered with a linear charge-density gradient produced by a charge source at one end and a sink at the opposite end. A fraction p of the lattice sites are occupied by mobile particles that interact only with neighboring particles and empty sites (the substrate) and carry charges from source to sink; the charge neutrality of the whole lattice is maintained. The root-mean-square (rms) displacement of the particles (i.e. , the tracers) and their effective conductivity for the charge transport are studied as a function of temperature and concentration p. The rms displacement shows a crossover from diftusion (at short time) to driftlike behavior (in the long-time regime). The effective conductivity depends nonmonotonically on the carriers' concentration, in which two maxima peaks are observed; the peak at the higher concentration seems to characterize the onset of static percolation. At a fixed concentration, the conductivity remains almost constant at low temperatures and increases before it saturates to a higher value in the high-temperature regime. In the intermediate-temperature
I. INTRODUCTION Understanding the transport properties of interacting particles (i.e. , the lattice gas), ions, and inonomers has been an area of continuous interest experimentally' as well as theoretically. ' Because of enormous applicability, such as processing of various additives into polymers, ion separation and filtering through membranes in a variety of aqueous solutions, producing a sol-gel system of a ramified network with a desired distribution of branches and loops, etc. , the experimental investigation of the diffusion of the penetrant molecules has attracted considerable interest in recent years. ' Particularly, the diffusion of various dialkyl phthalate plasticizers such as di-n-octyl phthalate As in our previous study, ' we consider a twodimensional discrete lattice of size L"XL (see Fig. 1 ). During the simulation, we keep track of the following quantities: (1) charges released from the source Q, (t), (2) charges absorbed at the sink Qz(t), (3) rms displacement of the particles (i.e. , tracers) and (4) the rms displacement of the center of mass of the particle system at each time step. A limited number of these quantities are, however, printed periodically at equal intervals of time. Although we produce most of our data with the sample size 60X60, we have used different sizes to test the reliability of our data. The time scales range from 10 to 3X10 MCS, although most of the data we run at the maximum time steps. In steady-state equilibrium, the amount of charge released from the source must be nearly the same as that absorbed at the sink. The relaxation time, to approach its steady state in which the charge released from the source equals the charge absorbed at the sink, depends on the concentration of the carriers; the higher the concentration, the longer the relaxation time. We also observe that the relaxation time increases sharply on lowering the temperature.
Most of the data presented here are in the regime where the system had reached the steady state. The rms displacement of the tracer, R ", on the other hand, increases continuously with time [ Fig. 3(b) ]. It is, however, apparent from Fig. 3(b (6) and (7) (C), 2.00 ('7), 5.00 (~), and 10.00 ( ). Up to half million time steps were used on a sample size 60 X 60.
III. RESULTS AND DISCUSSION
secondary peak which is near the static percolation threshold. On raising the temperature, the primary peak shifts towards higher concentrations while the secondary peak remains at the percolation threshold of carrier concentration (see Fig. 5 ). Furthermore, both peaks become comparable at high temperatures (i.e. , r~10.00).
The movement of particles is comparatively less hindered by their neighboring particles at low carrier concentration than at high concentrations. The probability of finding an empty site, for a particle to hop, is higher at lower carrier concentrations. It seems appropriate to assume that, at low concentrations, the transport quantity like conductivity will be dominated by the concentration of the empty sites, i.e. , by the background charges.
Therefore, the primary peak p *, in conductivity should be close to the percolation threshold of empty sites (i.e. , more, the primary peak is not as sharp as the secondary peak; it is rather broad, especially at low temperatures. One may interpret this peak as due to a percolation mechanism of the background charges which is smeared by the temperature and interactions. Nevertheless, this system exhibits the conductivity of a binary percolating system in which the background charges are dominant at low carrier concentration (leading to a primary peak at pt) while the conductivity is limited by the carriers at high concentrations with a peak at p2. The whole percolating mechanism may be referred to as an interacting dynamic percolation.
D. Dependence of conductivity on temperature
The variation of conductivity with temperature is presented in Fig. 6 around the percolation threshold (p, -0.59).
IV. SUMMARY AND CONCLUSIONS
We have used MC simulation to study the transport properties of an interacting-lattice-gas model in two dimensions, in which a nearest-neighbor interaction among the particles and the host substrate is considered. The particles execute their stochastic motion with a hopping mechanism governed by the Metropolis algorithm. During the stochastic motion, as the particles reach one end (i.e. , the source) of the lattice along the x direction, they are charged with a unit charge density and they are discharged to zero charge density as soon as they reach the other end (i.e. , the sink). A linear charge-density gradient is established in the steady-state equilibrium, and the whole system is maintained neutral by redistributing the background charge density to the substrate. Thus the charge is continuously transferred from source to sink by the charged particles, the carriers; the total charge ( The exponent k, characterizing the slow-mode motion is diffusive at low carrier concentration (i.e. , in very dilute regime) and it seems to decrease with increasing the concentration p. The relaxation regime seems to expand on increasing the carrier concentration and lowering the temperature.
The effective conductivity o (p, r) depends nonmonotonically on the carrier concentration p in which two peaks are observed. The primary peak at the lower concentration p & and the secondary peak at a higher concentration pz lend support for a two-percolation mechanism.
It appears that the main mechanism that leads to the secondary peak is the site percolation. The secondary peak remains stable around the static-site percolation threshold pz except from the change in its magnitude as the temperature is varied. The primary peak, on the other hand, seems to arise from an interaction mechanism emerging from the carrier concentration, background charge density of the substrate, and temperature. The position of the primary peak p & shows a shift towards a higher value (but still lower than pz) on raising the temperature. The two peaks become comparable at higher temperature (r) 1.5 
